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   In daily life, communication via voice by listening and speaking is indispensable 
and important. In the process of speech generation, the messages imaged in the brain are 
emitted as speech sounds through articulators, and in the process of speech perception, 
the sounds are understood by the brain via the auditory area. 
The brain plays a central role in both listening and speaking. This is evident from 
the fact that if speech area such as Broca’s area or Wernicke’s area is impaired, speech 
generation and understanding become difficult. In addition, due to recent advances in 
brain functional measurement, attention has been focused on the interaction between 
speech generation and perception in the brain.  
Classically, research on the relationship between the symptoms of aphasia and brain 
damage site has suggested that the theory of localization of brain function implies that 
Wernicke’s area is involved in speech perception and Broca’s area is involved in speech 
production. However, in recent years, as functional magnetic resonance imaging (fMRI) 
that can measure brain activity non-invasively and transcranial magnetic stimulation 
(TMS) that can directly affect brain activity have become available, speech perception 
and generation have been difficult to be explained with a simple localization theory. 
Instead, it has become clear that multiple brain sites are involved and that there is an 
interaction between speech production and perception. 
What is the connection between speech production and perception in the brain? The 
first is the fact that the Broca’s and Wernicke’s area are connected by the arcuate 
fasciculus (Catani et al., 2005). The second is that the auditory area is activated during 
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speech generation (Hirano et al., 1996). The speaker generates speech sound by the 
activity of the motor area in the brain, and his/her own voice is fed back to the auditory 
organ in realtime to activate the auditory area. That is, the interaction between the 
activity of the motor area for speech generation and the activity of the auditory area by 
auditory feedback forms the articulatory-auditory mapping. Because of this mapping in 
the brain, infants can imitate the caregiver’s voice (Goldstein et al., 2003; Goldstein & 
Schwade, 2008). 
During speech generation, speakers monitor their own speech in real time. Usually, 
they does not realize the importance of auditory feedback because the correct speech 
sound is returned. The close relationship between auditory feedback and speech 
production is indicated by the difficulty of learning and producing speech for the 
patients with early hearing loss (Yvonne et al., 2010). 
A well-known phenomenon of auditory feedback is the Lombard effect (Nonaka et 
al., 1997; Garnier et al., 2010). When a masking noise was heard during speaking and 
auditory feedback was cut off, the volume of the voice increased. Then, the volume of 
the voice increased in proportion to the volume of the masking noise. The masking 
noise induced an increase in intraoral pressure, a decrease in speech speed, and an 
increase in pitch frequency in addition to an increase in the volume of voice. 
Speech production is a complex process that involves motor, auditory and 
somatosensory systems and their adjustment and integration. It depends on feedback 
control and feedforward control (Hickok, 2012). Feedback control relies on monitored 
somatosensory and auditory sensory feedback. If there was a mismatch between the 
predicted the sensory information and the actual feedback sensory information, the 
3 
mechanism for correcting the speech error to an appropriate motor command based on 
the error. For example, when the pitch of the auditory feedback changed, the auditory-
motor system corrected the motor command to compensate for the change in the 
perturbation of the speech (Houde & Jordan, 1998). And the system for delayed 
auditory feedback (DAF) resulted in increased speech time and speech errors (Yate, 
1963). On the other hand, feedforward control depends on the relationship between 
previously learned motor commands and their output results (sensory-motor neural 
mapping). The control allows the motor system to plan the next motor sequence, which 
is essential for fluent speech. For example, stuttering showed excessive dependence on 
auditory feedback due to weakness in feedforward control (Civier et al., 2010). 
Feedforward control is important in compensating for environmental changes as well as 
feedback, because feedforward control evaluates speech disturbances in advance and 
changes the motor plan in response to environmental changes. For example, the 
“Lombard effect” introduced earlier related to feedforward control. 
The DIVA model developed by Guenther suggests that auditory feedback is most 
important during babbling and early speech learning, as motor control commands are 
learned through integration with feedback (Guenther et al., 2006). The motor control 
command is a feedforward control formed by the speech map for speech production. 
After the feedforward command matures, the speech motor system relies more on 
feedforward control and less on feedback control. Patients who have acquired hearing 
loss maintained clear vocalization, which is a evidence for showing that auditory 
feedback is not significantly involved in speech after acquiring vocal function (Lane & 
Webster, 1991). Within the DIVA model, feedforward motor commands in a mature 
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system could be modified by comparing the difference between predicted and actual 
feedback. However, there is no reason that the feedforward and feedback control 
mechanisms must work equally well in all fluent adults.  
Stuttering is a speech disorder in which spoken language does not appear smoothly. 
The main symptom is dysfluency, which causes repetition and prolonging sounds, and 
blocks articulation movement (Yari & Seery, 2011). Its pathogenesis is mainly genetic 
and environmental, but it is assumed that its combined consequences are structural and 
functional alterations of the brain. Stuttering is very important in speech control and 
brain research.  
As rehabilitation for temporal or long-term reduction of stuttering, altered auditory 
feedback that delayed or modulated his/her own speech sound and allowed the speaker 
to listen to the sound was used. It has been reported that AAF (altered auditory 
feedback) was effective in reducing stuttering (Liscoln et al., 2006). 
In AAF, it is known that auditory feedback affects not only stuttering but also 
speech motor control. The well-known phenomenon is DAF (Lee, 1950a). When 
speaking while listening to one’s own voice with 200 ms delay, a decrease in speaking 
speed, a increase in stuttering, and change in intonation were observed (Chapin et al., 
1981). 
The effect of DAF is thought to result from the temporal asynchrony between 
speech production and feedback to the auditory system (Hashimoto & Sakai, 2003). 
DAF was a powerful tool for attenuating dysfluency in PWS (people who stutter). In the 
DAF study, contrasting effects were observed between PWS and PWNS (people who 
do not stutter) (Webster et al., 1970). The speech dysfluency induced by DAF indicates 
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that auditory feedback affects the processing of sensory-motor integration that 
contributes to speech fluency. 
Early researches of DAF effects in healthy speakers showed that long delays 
affected speech, such as repetition or block of syllables labeled “artificial stutter” (Lee, 
1950a, 1950b, 1951). Based on the Standardized Test for Stuttering Second Edition 
(Ozawa et al., 2013), artificial stutter was classified into “Stuttering-Like Dysfluency 
(SLDs)” and “Other Dysfluency (ODs)”, and then “All Dysfluency (ADs)” is the sum 
of SLDs and ODs. MacKay (1968) examined the development pattern of DAF effect 
and found that the 4-6 year old group was more affected by DAF than the adult and the 
7-9 year old groups. Regarding language affinity in the DAF effect, Mackay (1970) 
found that speech dysfluency induced by DAF was more affected in second language 
than in native language. Previous studies on the effects of sex difference in DAF have 
not yet been concluded. Several researches have showed that DAF effect is significantly 
greater in men (Fukawa, Yoshioka, Ozawa & Yoshida, 1988). However, others have 
reported no significant difference in sex difference in DAF effect (Timmomns & 
Boudreau, 1976; Van Borsel et al., 2005).  
In behavioral studies of patients with psychiatric and developmental disorders, 
Goldberg et al. (1997) reported that reading aloud task under DAF resulted in more 
dysfluency in schizophrenic patients than in healthy participants. It was suggested that 
the mismatch between the perceived sensory information and predicted sensory 
consequence due to damped corollary discharge from motor control could be 
overestimated. Corollary discharge is compared to perception and convey information 
about the sensory consequence that produce self-agency (Gallagher, 2000). For ASD 
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with impaired social interaction and communication, high functional ASD group 
showed speech dysfluency under DAF condition more than typically developed group 
(Lin et al., 2015). It is possible that individuals with ASD rely more on feedback control 
than on feedforward control when producing speech.  
In brain imaging research on DAF, Takaso and colleagues (2010) measured brain 
activity during speech under DAF conditions with PET (Positron Emission 
Tomography). They found that the activity of bilateral superior temporal gyrus 
increased in response to the degree of the delay (0, 50, 125 and 200 ms). Hashimoto &, 
Sakai (2003) conducted an fMRI experiment, in which they designed a paradigm to 
investigate the conscious overt-speech processing and the automatic overt-speech 
processing separately. In the contrast of DAF- Normal auditory feedback (NAF), the 
bilateral temporal gyrus, the supramarginal gyrus and the middle temporal gyrus 
showed significant activation. Moreover, they found that the STG activation was 
correlated with the DAF effect for all participants. On the other hand, Nota and 
colleagues (2011) found that participants who could maintain fluent speech under DAF 
condition activated the left premotor cortex, inferior frontal gyrus and supplemental 
motor cortex involved in speech motor planning. In addition, because left precentral 
gyrus, the supplemental motor cortex and the insular cortex were negativity correlated 
with DAF effect, it suggested that participants who maintain fluent speech under DAF 
condition increase brain activity related to speech motor planning. Although brain 
activity related to speech motor control under DAF condition increase in the temporal 
region, individual difference in DAF sensitivity and brain activity have not yet been 
concluded.  
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The non-invasive brain stimulation is a method of temporarily changing the function 
of the brain without permanent lesions by applying weak magnetic energy or electric 
current to the brain. TMS and tDCS (transcranial direct current stimulation) are major 
examples of brain stimulation. This method is used in research to elucidate brain 
regions and neural basis related to speech motor control processing (Deroche et al., 
2017). In functional brain imaging studies, the independent variable is the task 
condition that participants process during the measurement, and the dependent variable 
is the brain activity measured when performing the task (Weber & Thomapson-Schill, 
2010). Functional brain imaging enables the identification of brain activity related to the 
task condition and functional connections between brain areas (Rodd, Davis, & 
Johnsrude, 2004). However, brain imaging does not provide evidence that neural 
correlations in speech motor control area causally related to speech production or 
perception. Therefore, the brain stimulation plays an important role in examining the 
responsible region for speech control. If the method is applied to a specific area of the 
brain and modifies brain activity, thereby affecting a certain function, it may indicate a 
causal relationship between function and brain activity.  
The present study used tDCS that modifies brain activity by placing two electrodes 
on the scalp and applying a preset weak DC current. There are two types of stimulation: 
anodal stimulation to up-regulate membrane potential (depolarization) and cathodal 
stimulation to down-regulate membrane potential (hyperpolarization) (Nitche & Paulus, 
2000; Schlaug, 2008). For motor cortex experiments, motor evoked potentials (MEP) 
induced by TMS were modified in a polarity-specific way by applying tDCS, and the 
longer and stronger the stimulation is, the stronger the after-effect is (Nitche & Paulus, 
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2000; Nitsche et al., 2003). Similarity, tDCS can be used to modulate visual evoked 
potentials (VEP) (Antal et al., 2004) and somatosensory evoked potentials (Matsunaga 
et al., 2004; Rehmann et al., 2016) in polarity dependent manner. The safety risk of 
tDCS is mild headache, burning and itching (Bikson et al, 2016). tDCS is evaluated as a 
low-cost, easy to use tool for improving motor skills (Saimpont et al., 2016), cognitive 
function (Fregni et al., 2005) and depression (Kuo et al., 2014; Shiozawa et al., 2014) 
the modulation of task-dependent activity of the involved cortical areas.. Deroche and 
collegues (2017) found that tDCS enhanced compensation for altered auditory feedback. 
Anodal tDCS to the Wernicke’s area lowered first formant frequency (F1) by 10 % in 
response to the upward shift in F1 whereas cathodal and sham stimulation lowered F1 
by 5 %. Under NAF condition, no change in F1 due to tDCS were observed. Anodal 
tDCS to the Wernicke’s area could increase motor modification to changes in sensory 
feedback and improve speech motor control in a new or relearned environment.  
DAF studies have been investigated in behavioral studies and brain function 
imaging, but no studies have been conducted on speech motor control under DAF 
condition by brain stimulation. Although brain imaging studies suggested that language-
related regions (Broca’s area and Wernicke’s area) might contribute to speech fluency 
under DAF condition (Hashimoto & Sakai, 2003; Nota, 2013), the causal relationship 
between speech motor control and brain activity has not been settled. Therefore, we 
aimed to clarify the relationship between speech control and brain activity in language 
related regions using tDCS, which was reported to increase the compensation effect in 
AAF (Deroche et al., 2017). 
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In the present study, we conducted a reading aloud task under DAF (200 ms) and 
NAF conditions for 23 healthy speakers in order to clarify the relationship between 
brain activity and speech motor control. We evaluated speech fluency based on the 
stuttering test when tDCS modified brain activity in Broca’s area or Wernicke’s area, 
and examined the effect of speech motor control on brain activity. Indices of speech 
fluency were ADs, SLDs, ODs, Speech Rate (SR) and DAF Index (DI). The stimulation 
intensity used by the participants is divided into two types (2 mA, N = 17; 1 mA, N = 
6). The study was performed in two days per person, with Day 1 and Day 2 separated by  
more than a week. From the correlation between the DAF effect and individual 




Twenty-three native Japanese speakers (age 18- 24; 16 male and 7 female) 
participated in the present study. All participants met the following criteria.  
1. Those who were right-handed (scored 6 or more in the FLANDERS handedness 
questionnaire (Nicholls et al., 2013; Okubo et al., 2014)). 
2. Those who have not been diagnosed with mental illness in the past. 
3. Those who have not been diagnosed with dysphonia including stuttering in the past. 
Based on “Request and Explanation of present experiment”, we explained the contents 





Sentences used in the reading task based on “Drill Book for articulation training 
(Okazaki & Funayama, 2006)”. We created six sets of the reading task (1 set was 
consisted of 10 sentence). The average number of phrases in one set was 36.7±0.04, and 
the average number of morae was 160 ± 1.25. 
In the reading aloud task, the delay of auditory feedback was controlled using a 
sound effector (Figure 1). In the present study, we used two conditions: DAF condition 
in which one’s voice was heard with a delay of 200 ms and NAF condition without 
delay. White noise was mixed with auditory feedback through a mixer, and the voice 
was presented to the participants’ ear in real time. The volume of voice from the 
earphone was adjusted to a comfortable level for each participant. The acoustic 
information obtained from the condenser microphone was branched so that one channel 




We used DC STIMULATOR PLUS (neuroConn, German) for tDCS. The 
stimulation electrodes used was 35 cm² (7 cm x 5 cm), soaked in a OneStep Cleargel 
dissolved in water, and placed on Fp2 and F5, or Fp2 and CP5 (extend 10-20 method; 
Figure 2). For current stimulation, anodal, cathodal and sham stimulation. Brain 
stimulation was applied to the target areas from 1 minute before reading aloud task to 
end of the task. The direct current was ramped up over the initial 10 s, maintained for 
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190 s either at 1 mA (N = 6) or at 2 mA (N = 17), and then ramped down to the baseline 
over 10 s. 
A placebo effect often occurs in which the response changes independently of the 
sensation or cognition that have been stimulated. In order to cancel the placebo effect, 
sham stimulation that does not actually stimulate the scalp by imitating the sensation 
and sound due to the stimulation is used in control condition. During the sham 
stimulation, the participants were not informed that the stimulation stopped halfway and 
they did not notice that the stimulation stopped. Since the experimenter told them that 
tDCS continued until the end, the participants felt that they were receiving tDCS in the 
same way as the actual stimulation conditions (single-blind session). 
 
2.4 Procedures 
2.4.1 Research explanation and Consent document 
We explained the experiment to the participants (See Supplementary Information). 
We read the full text of “Purpose” and “Methods” in “Study on language processing in 
the brain using noninvasive transcranial electrical stimulation”. After the experimenter 
read aloud the full text “Damages and compensations” in “Study on language 
processing in the brain using noninvasive transcranial electrical stimulation”, the 
participants read by themselves. The present study was approved by Tokyo 
Metropolitan University Research Ethics Committee. After the participants agreed to 
the explanation, they checked and signed a “consent form”. At the same time, we 
handed over a “letter of retraction of consent” to them. 
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2.4.2 Placing the electrodes on the scalp for tDCS 
   In the shield room, we marked Cz by measuring the distance between participants’ 
inion and nation. We measured the participants’ head circumference, an EEG cap that 
fits the size of the head was attached to Cz standard, and Fp2, F5, and CP5 were 
marked. F5 and CP5 correspond to the Broca’s area and the Wernicke’s area, 
respectively, and were the stimulation sites in present study. Fp2 corresponds to the 
contralateral forehead and the second electrode was placed on the region. Then the 
electrodes were covered with sponges soaked in an EEG gel solution, and the electrodes 
were fixed with rubber band. Finally, the impedance was confirmed and adjusted to 
under 15 kΩ. 
2.4.3 Practice 
   In the shield room, we had participants read aloud the practice sentences under NAF 
and DAF conditions, and adjusted the volume of auditory feedback of their own voice 
to a comfortable level for each participant. After that, if there were no questions from 
the participants, we attached electrodes for tDCS at two stimulation sites on the head 
and started session 1. 
2.4.4 Session 1 
 In the shield room, participants were seated 90 cm away from the monitor. The 
distance from the condenser microphone was 10 cm. We put earphones and earmuffs on 
their ears. The task sentence was presented on the monitor using the stimulus 
presentation software Psychopy 2 (University of Nottingham, UK). Audacity 2. 1. 2 
(College Mellon University, USA) was used to record the participants’ speech. The task 
block was assigned to delay condition (NAF or DAF), and consisted of 10 sentences. 
The following two points were instructed; a) Speaking while paying attention to your 
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voice, b) maintaining normal speech rate (SR). The study was conducted with a break 
between sessions. In the present study, we counterbalanced the order effect of delay. 
2.4.5 Intervals  
   To eliminate the after-effects on tDCS in session 1 and 2, an interval of 10 minutes 
was set. In the interval, the apparatus was taken off from the head, and the participants 
moved out of the shield room.  
2.4.6 Sessions 2 and 3 
   Sessions 2 and 3 were performed in the same procedure as session 1. The total of 
session 1, 2, 3 and each interval was 1.5 hours. 
2.4.7 Day 2 
   The study was performed on the Day 2 a week or more after a week. Conditions not 
implemented on Day 1 and the sham stimulation condition were implemented. The 
procedure is the same as Day 1. 
2.4.8 Questionnaires 
   We administered the following questionnaires to the participants; “Evaluation of 
brain stimulation (Brunoni et al., 2011)”, “Conners’ Adults ADHD Rating Scaled: 
CAARS (Conner et al., 1999; Nakamura et al., 2012)”, “Autsum-Spectrum Quotient; 
AQ (Baron-Cohen et al., 2001; Wakabayashi & Tojo, 2004)” and “FLANDERS 
handedness questionnaire (Nicholls et al., 2013; Okubo et al., 2014).” 
   To evaluate the trait of developmental disorders, we used CAARS Japanese version 
(Nakamura et al., 2012) and AQ Japanese version (Wakabayashi & Tojo, 2004). 
CAARS is a questionnaire that evaluates ADHD symptoms in adults. In the present 
study, the self-filled questionnaire consisted of 66 questions was used. The 
questionnaire consists of four sub-items and ADHD symptoms: “carelessness/ memory 
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problems”, “hyperactivity/ restlessness”, “impulsiveness/ emotional instability”, “self-
concept problems”. If the score is above the clinical cut-off (T score > 64), the 
participant has ADHD symptoms. 
   AQ’s question items include five sub-scales; “social skills”, “attention switching”, 
“attention to detail”, “communications”, and “imagination”. Participants who scored 33 
or more of 50 are often suspected of autism spectrum. AQ was developed as a scale that 
can measure the degree of autism propensity distributed among healthy adults without 
intellectual disability and mental retardation and the extent of its broad phenotype  
(Bailey et al., 1995; Baron-Cohen et al., 2001). This scale not only allowed clinical 
screening, but also allowed to measure individual differences in the autism tendency of 
healthy individuals.  
   FLANDERS handedness questionnaire is a test for investigating the handedness 
developed by Nicholls et al. (2013) and is widely used in neuroscience and 
neuropsychological research. Because the dominant hand is related to brain function 
and structure, it is necessary to investigate the dominant hand. This test was an 
improved handedness test from the Edinburgh handedness test (Oldfield, 1971) and 
solved its problems that emerged over 40 years after development. In present study, the 
Japanese version of FLANDERS handedness questionnaire was used, and this was 
confirmed by Okubo et al. (2014) for reliability and validity. 
The survey was conducted on the Day 2, and after completing the questionnaires, a 
reward (3,000 yen for the bookstore gift card) was handed over to sign the receipt, and 
all measurements were completed. 
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2.4.9 Pure-tone audiometry 
   This test was conducted in the shield room on Day 1. The participants were seated 
in a comfortable position that could be clearly seen by the experimenter. An air-
conducted headset was attached to their pinna using a headband for both ears. Giving 
the response button to them, the experimenter instructed: a) pressing and holding the 
button while they heard the inspection sounds. b) releasing the button when they could 
no longer hear the sounds. c) responding as quickly as possible. d) responding even if 
the sounds you heard was very low. 
The inspection sounds were presented at the same output level for 1 – 2 seconds. 
When there was a button press, the sounds were stopped, and the sounds was presented 
again after irregular intervals. The order of inspection frequency was as follows: 1,000 
Hz → 2,000 Hz → 4,000 Hz → 8,000 Hz → 1,000 Hz → 500 Hz → 250 Hz → 125Hz. 
Based on the quartation (500 Hz + 1,000 Hz x2 + 2,000 Hz), mild hearing loss (25 
to 40 dB), moderate hearing loss (40 to 70 dB), advanced hearing loss (70 to 90 dB) and 
sever hearing loss (90 dB or more) were defined. 
 
2.5 Analysis 
   We counted the number of dysfluency events for each recorded sample and divided 
the number of morae in the sentence. Based on the Standardized Test for Stuttering 
Second Edition (Ozawa et al., 2013), the events were classified into “Stuttering like 
dysfluency (SLDs)” and “Other dysfluency (ODs)” (Chon et al., 2013). ODs are a 
symptom that is likely to occur even for nPWS. The frequency of SLDs and ODs in 50 
clauses was used as an evaluation index for speech fluency. One participant (female, 2 
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mA) was exclude from the analysis due to subnormal hearing acuity. Also, one 
participant (male, 1 mA) was excluded from the analysis because his score of “ADs” in 
the sham sessions was a outlier. 
SLDs included the following categories of dysfluency: sound, mora and syllable 
repetition; SR”, “part-word repetition; PWR”, “prolongation; Pr” and “block; Bl”. SR 
meant that a specific sound, mora or syllable was audibly repeated. PWR meant that a 
part word was repeated. Pr meant that either consonant part, semivowel part, vowel part 
or 1 mora was prolonged unnaturally. Bl meant that articulation stops. Basically, SLDs 
occurred at the beginning of the word, however, Bl occurred at the beginning, middle or 
end of the word. Because the number of SLDs was small, the number of ODs and SLDs 
were combined and treated as “ADs” in the present study. ODs included the follow 
categories of dysfluency: word and phrase repetition; WR”, “injection; Ij”, “incomplete; 
Ic”, “revision; Rv”, “break; Br” and “pause; Pa”. WR meant that the word or phrase 
repeated. Ij meant injection of sounds, words or phrases out of context. Ic meant that 
speech ended incompletely. Rv meant correction of speech or reading errors. Br meant 
speech stops in the word or phrase. Br meant unnatural slice before or between phrases. 
Among the artificial stutter induced by DAF, there were repetition that occurred at 
the middle or end of the sound or part word. These kinds of speech dysfluency were not 
usually observed in people who stutter. Therefore, in the present study, we defined them 
as “no stuttering like SR; nSR” and “no suttering like PWR”. nSR and nPWR were 
included in ODs.  
The number of speech morae per second was used as an index of SR. In the present 
study, SR was calculated by first identifying the reading time excluding the part where 
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occurring dysfluency event appeared with using voice analysis software “Praat 
(University of Amsterdam, Netherlands)” and then dividing the total number mora in 
the reading sentence by the reading time. In addition, to evaluate DAF sensitivity for 
each participant, DAF index (DI) was calculated as follows; DI = (1 – SR in DAF/ SR 
in NAF) x 100. It was shown that the greater DI, the participant was affected more by 
DAF condition.  
To examine the changes in speech motor control with and without brain stimulation, 
the value obtained by subtracting the sham condition from the real stimulation condition 
(Anodal or Cathodal) was evaluated as the amount of change. In addition, the sham 
condition used for calculation matched the schedule with the stimulus condition. First, 
the speech data (ADs, ODs, SR and DI) was compiled for each stimulation area 
(Broca’s and Wernicke’s area), then for each session (Anodal, Cathodal and sham), and 
finally for each auditory feedback condition (NAF, DAF). We performed a two-way 
analysis of variance (ANOVA) with the factors of “auditory feedback” and “session”. 
The amount of change by brain stimulation was compiled in the same way except 
polarity condition (Anodal and Cathodal). The statistical significance level was set at P 
< 0.05. Post-hoc multiple tests were conducted for factors that showed significant 
interaction and the statistically significant level was set at p < 0.01. Furthermore, we 
performed one-sample t-test. Statistics were performed using statistics analysis software 
“R version 3.5.3” (R Core Team, 2019). The figures were created using “Prism 8 
(GraphPad Software, USA)”.  
In order to examine individual differences in speech motor control, we investigated 
whether the speech data for each auditory feedback condition in the sham sessions 
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correlated with score of questionnaires (AQ and CAARS). We also investigated the 
correlation speech data during the sham session between Day 1 and Day 2 and 
confirmed the consistency of the present study. 
 
3. Results 
3.1 All participants (N = 21) 
3.1.1 All Dysfluency (ADs) (x/50 phrases) 
   Figure 3A showed the mean and standard error of the mean (SEM) of ADs when the 
target region was Broca’s area. A two-way ANOVA with Delay and Polarity as factors 
revealed a significant main effect of Delay (F (1, 20) = 22.46, p < 0.0001). There was 
no significant interaction of Delay and Polarity (F (2, 40) = 1.303, p = 0.28) as well as 
no main effect of Polarity (F (2, 40) = 0.957, p = 0.39). 
   Figure 3B showed the mean and SEM of the change of ADs from the sham session 
when the target region was Broca’s area. A two-way ANOVA with Delay and Polarity 
as factors revealed a marginally significant interaction of Delay and Polarity (F (1, 20) 
= 4.094, p = 0.057). There was no main effect of Delay (F (1, 20) = 0.303, p = 0.59) as 
well as no main effect of Polarity (F (1, 20) = 2.337, p = 0.14). However, post-hoc 
Tukey-Kramer multiple comparison tests did not reveal significant differences between 
the Anode and the Cathode under DAF (p = 0.12). One sample t-test revealed that only 
the Anode under DAF showed a marginally significant difference from zero (t (20) = 
1.73, p = 0.09), whereas none of the Anode under NAF (t (20) = 0.039, p = 0.97), the 
Cathode under NAF (t (20) = 0.173, p = 0.86) and the Cathode under DAF (t (20) = 
0.607, p = 0.55) showed significant difference. 
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   Figure 3C showed the mean and SEM of ADs when the target region was 
Wernicke’s area. A two-way ANOVA with Delay and Polarity as factors revealed a 
significant main effect of Delay (F (1, 20) = 28.16, p < 0.0001). There was no 
interaction of Delay and Polarity (F (2, 40) = 0.912, p = 0.41) as well as no main effect 
of Polarity (F (2, 40) = 1.036, p = 0.36). 
Figure 3D showed the mean and SEM of the change of ADs from the sham session 
when the target region was Wernicke’s area. A two-way ANOVA with Delay and 
Polarity as factors did not reveal significant either interaction of Delay and Polarity (F 
(1, 20) = 2.128, p = 0.16), main effect of Delay (F (1, 20) = 0.54, p = 0.46), or main 
effect of Polarity (F (1, 20) = 2.02, p = 0.17). One sample t-test revealed that there was 
no significant difference from zero either in the Anode under NAF (t (20) = 0.18, p = 
0.85), the Anode under DAF (t (20) = 1.36, p = 0.19), the Cathode under NAF (t (20) = 
0.25, p = 0.8) or the Cathode under DAF (t (20) = 0.68, p = 0.49). 
3.1.2 Stuttering-Like Dysfluency (SLDs) (x/50 phrases) 
   Figure 4A showed the mean and SEM of SLDs when the target region was Broca’s 
area. A two-way ANOVA with Delay and Polarity as factors revealed a significant 
main effect of Delay (F (1, 20) = 7.791, p < 0.05). There was no significant interaction 
of Delay and Polarity (F (1.682, 33.64) = 0.02, p = 0.96), as well as no main effect of 
Polarity (F (1.693, 33.86) = 0.369, p = 0.65). 
   Figure 4B showed the mean and SEM of the change of SLDs from the sham session 
when the target region was Broca’s area. A two-way ANOVA with Delay and Polarity 
as factors revealed a marginally significant effect of Polarity (F (1, 20) = 3.16, p = 
0.09). There was no interaction of Delay and Polarity (F (1, 20) = 2.034, p = 0.16) as 
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well as no main effect of Delay (F (1, 20) = 0.03, p = 0.85). One sample t-test revealed 
that there was no significant difference from zero either in the Anode under DAF (t (20) 
=1.235, p = 0.23), the Cathode under NAF (t (20) =1.001 , p = 0.33) or the Cathode 
under DAF (t (20) = 1.124, p = 0.27). 
   Figure 4C showed the mean and standard error of the mean of SLDs when the target 
region was Wernicke’s area. A two-way ANOVA with Delay and Polarity as factors 
revealed a significant main effect of Delay (F (1, 20) = 22.88, p < 0.0001). There was 
no significant interaction of Delay and Polarity (F (1.645, 32.91) = 0.148, p = 0.82) as 
well as main effect of Polarity (F (1.645, 32.91) = 0.148, p = 0.82). 
   Figure 4D showed the mean and SEM of the change of SLDs from the sham session 
when the target region was Wernicke’s area. A two-way ANOVA with Delay and 
Polarity as factors revealed a significant interaction of Delay and Polarity (F (1, 20) = 
7.385, p < 0.05) as well as a main effect of Polarity (F (1, 20) = 7.385, p < 0.05). There 
was no significant main effect of Delay (F (1, 20) = 0.0003, p = 0.98). Post-hoc Tukey-
Kramer multiple comparison tests revealed that, compared to the Anode under DAF, 
only the Cathode under DAF showed significant difference (p = 0.008). One sample t-
test revealed that only the Anode under DAF showed a significant difference from zero 
(t (20) = 2.39, p < 0.05), whereas the Cathode under DAF (t (20) = 1.715, p = 0.11) did 
not show significant difference from zero.  
3.1.3 Other Dysfluency (ODs) (x/50 phrases) 
   Figure 5A showed the mean and SEM of ODs when the target region was Broca’s 
area. A two-way ANOVA with Delay and Polarity as factors revealed a significant 
main effect of Delay (F (1, 20) = 21.99, p < 0.0001). There was no significant 
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interaction of Delay and Polarity (F (1.815, 36.3) = 1.338, p = 0.27) as well as no main 
effect of Polarity (F (1.576, 31.52) = 1.041, p = 0.35). 
 Figure 5B showed the mean and SEM of the change of ODs from the sham session 
when the target region was Broca’s area. A two-way ANOVA with Delay and Polarity 
as factors revealed a significant interaction of Delay and Polarity (F (1, 20) = 5.538, p < 
0.05) and a marginally significant effect of Polarity (F (1, 20) = 3.558, p = 0.07). There 
was no main effect of Delay (F (1, 20) = 0.303, p = 0.59). However, post-hoc Tukey-
Kramer multiple comparison tests did not reveal significant differences between Anode 
and Cathode under DAF (p = 0.06). One sample t-test revealed that only the Anode 
under DAF showed a significant different difference from zero (t (20) = 2.116, p < 
0.05), whereas the Anode under NAF (t (20) = 0.039, p = 0.96), the Cathode under NAF 
(t (20) = 0.025, p = 0.98) and the Cathode under DAF (t (20) = 0.755, p = 0.45) did not 
showed significant difference.  
Figure 5C showed the mean and SEM of ODs when the target region was 
Wernicke’s area. A two-way ANOVA with Delay and Polarity as factors revealed a 
significant main effect of Delay (F (1, 20) = 29.4, p < 0.0001). There was no interaction 
of Delay and Polarity (F (1.855, 37.1) = 1.011, p = 0.37), as well as no main effect of 
Polarity (F (1.839, 36.78) = 1.504, p = 0.24). 
Figure 5D showed the mean and SEM of the change of ODs from the sham session 
when the target region was Wernicke’s area. A two-way ANOVA with Delay and 
Polarity as factors revealed a marginally significant interaction of Delay and Polarity (F 
(1, 20) = 3.669, p = 0.07) as well as a main effect of Polarity (F (1, 20) = 3.488, p = 
0.08). There was no main effect of Delay (F (1, 20) = 0.421, p = 0.52). Post-hoc Tukey-
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Kramer multiple comparison tests did not reveal significant differences between Anode 
and Cathode under DAF (p = 0.06). One sample t-test revealed that there was no 
significant difference from zero either in the Anode under NAF (t (20) = 0.19, p = 0.85), 
the Anode under DAF (t (20) = 1.561, p = 0.13), the Cathode under NAF (t (20) = 
0.256, p = 0.8) or the Cathode under DAF (t (20) = 1.213, p = 0.23).  
   Figure 6A showed the mean and SEM of the percentage of ODs in ADs under DAF 
when the target region was Broca’s area. A one-way ANOVA with Polarity as factor 
did not reveal a significant main effect of Polarity (F (2, 50) = 0.012, p = 0.98). 
   Figure 6B showed the mean and SEM of the percentage of ODs in ADs under DAF 
when the target region was Wernicke’s area. A one-way ANOVA with Polarity as 
factor did not reveal a significant main effect of Polarity (F (2, 50) = 0.122, p = 0.88). 
3.1.4 Speech Rate (SR) (morae/s) 
Figure 7A showed the mean and SEM of Speech rate (SR) when the target region 
was Broca’s area. A two-way ANOVA with Delay and Polarity as factors revealed a 
significant main effect of Delay (F (1, 20) = 192.6, p < 0.0001). There was no 
significant interaction of Delay and Polarity (F (1.534, 30.69) = 0.202, p = 0.75) as well 
as no main effect of Polarity (F (1.2, 24) = 0.136, p = 0.76). 
   Figure 7B showed the mean and SEM of the change of SR from the sham session 
when the target region was Broca’s area. A two-way ANOVA with Delay and Polarity 
as factors did not revealed a significant interaction of Delay and Polarity (F (1, 20) = 
0.215, p = 0.64), a main effect of Delay (F (1, 20) = 0.003, p = 0.95), and a main effect 
of Polarity (F (1, 20) = 2.393, p = 0.13). One sample t-test revealed that there was no 
significant difference from zero either in the Anode under NAF (t (20) = 1.705, p = 
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0.11), the Anode under DAF (t (20) = 1.104, p = 0.28), the Cathode under NAF (t (20) 
=0.073, p = 0.94) or the Cathode under DAF (t (20) = 0.305, p = 0.76). 
   Figure 7C showed the mean and SEM of SR when the target region was 
Wernicke’s area. A two-way ANOVA with Delay and Polarity as factors revealed a 
significant main effect of Delay (F (1, 20) = 170.9, p < 0.0001). There was no 
significant interaction of Delay and Polarity (F (1.84, 36.81) = 0.613, p = 0.53) as well 
as no main effect of Polarity (F (1.344, 26.88) = 0.095, p = 0.83). 
   Figure 7D showed mean and SEM of the change of SR from the sham session when 
the target region was Wernicke’s area. A two-way ANOVA with Delay and Polarity as 
factors did not revealed a significant interaction of Delay and Polarity (F (1, 20) = 
0.623, p = 0.43), a main effect of Delay (F (1, 20) = 1.315, p = 0.27), and a main effect 
of Polarity (F (1, 20) = 0.589, p = 0.45). One sample t-test revealed that there was no 
significant difference from zero either in the Anode under NAF (t (20) = 0.951, p = 
0.35), the Anode under DAF (t (20) = 0.311, p = 0.76), the Cathode under NAF (t (20) = 
1.031, p = 0.31) or the Cathode under DAF (t (20) = 0.746, p = 0.46). 
3.1.5 DAF Index (DI) (%) 
Figure 8A showed mean and SEM of DI when the target region was Broca’s area. A 
one-way ANOVA with Polarity as factor did not revealed a significant main effect of 
Polarity (F (1.75, 34.92) = 0.422, p = 0.63) but a significant effect of Subject (F (20, 
40) = 31.65, p < 0.0001). 
Figure 8B showed mean and SEM of DI when the target region was Wernicke’s 
area. A one-way ANOVA with Polarity as factor did not revealed a significant main 
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effect of Polarity (F (1.59, 31.75) = 1.612, p = 0.22) but a significant effect of Subject 
(F (20, 40) = 12.44, p < 0.0001). 
   Analysis of all participants showed that tDCS to the language regions affected 
speech fluency. Anodal tDCS to Broca’s area increased ADs and ODs. On the other 
hand, cathodal tDCS to Wernicke’s area decreased SLDs. No effect of tDCS was 
observed on SR. In the present analysis, we combined participants with different tDCS 
intensity (1 mA or 2 mA). Therefore, we examined the effect of the intensity on speech 
fluency.  
 
3.2 Effect of intensity 
3.2.1 ADs 
Figure 9A showed the mean and SEM of ADs when the target region was Broca’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors revealed a 
significant interaction of Delay and Intensity (F (1, 156) = 5.325, p < 0.05), a main 
effect of Delay (F (1, 156) = 59.51, p < 0.0001), a main effect of Intensity (F (1, 156) = 
5.738, p < 0.05), and a marginally significant interaction of Polarity and Intensity (F (2, 
156) = 2.453, p = 0.08). 
Figure 9B showed the mean and SEM of the change of ADs from the sham session 
when the target region was Broca’s area. A three-way ANOVA with Delay, Polarity 
and Intensity as factors revealed a significant interaction of Delay and Polarity (F (1, 
38) = 5.241, p < 0.05), interaction of Polarity and Intensity (F (1, 38) = 9.478, p < 
0.01), and a main effect of Polarity (F (1, 38) = 8.854, p < 0.01). One sample t-test did 
not show significant from zero. 
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   Figure 9C showed the mean and SEM of ADs the target region was Wernicke’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors revealed only a 
significant main effect of Delay (F (1, 156) = 63.047, p < 0.0001).  
Figure 9D showed the mean and SEM of the change of ADs from the sham session 
when the target region was Wernicke’s area. A three-way ANOVA with Delay, Polarity 
and Intensity as factors revealed a significant interaction of Delay, Polarity and Intensity 
(F (1, 38) = 4.124, p < 0.05), a significant interaction of Delay and Polarity (F (1, 38) = 
6.04, p < 0.05), a significant interaction of Delay and Intensity (F (1, 38) = 9.447, p < 
0.01), a significant interaction of Polarity and Intensity (F (1, 38) = 5.697, p < 0.05), a 
significant main effect of Delay (F (1, 38) = 5.445, p < 0.05), a significant main effect 
of Polarity (F (1, 38) = 7.526, p < 0.01), and a significant main effect of Intensity (F (1, 
38) = 10.37, p < 0.01). Post-hoc Tukey-Kramer multiple comparison tests revealed that, 
compared to the 1 mA Anode under DAF, only the 2 mA Anode under DAF showed 
significant difference (p < 0.001). One sample t-test revealed that only the 1 mA Anode 
under DAF showed a marginally significant difference from zero (t (4) = 2.126, p = 
0.09). 
3.2.2 SLDs 
   Figure 10A showed the mean and SEM of SLDs when the target region was Broca’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors only revealed a 
significant main effect of Delay (F (1, 156) = 4.476, p < 0.05). 
   Figure 10B showed the mean and SEM of the change of SLDs from the sham 
session when the target region was Broca’s area. A three-way ANOVA with Delay, 
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Polarity and Intensity as factors did not reveal any significant interactions of them and 
main effects. One sample t-test did not show significant from zero. 
   Figure 10C showed the mean and SEM of SLDs the target region was Wernicke’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors revealed only a 
significant main effect of Delay (F (1, 156) = 13.087, p < 0.001).  
   Figure 10D showed the mean and SEM of the change of SLDs from the sham 
session when the target region was Wernicke’s area. A three-way ANOVA with Delay, 
Polarity and Intensity as factors revealed a significant interaction of Delay and Polarity 
(F (1, 38) = 4.293, p < 0.05) as well as a main effect of Polarity (F (1, 38) = 4.293, p < 
0.05). One sample t-test revealed that only the 1 mA Anode under DAF showed a 
marginally significant difference from zero (t (4) = 1.867, p = 0.08). 
3.2.3 ODs 
   Figure 11A showed the mean and SEM of ODs when the target region was Broca’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors revealed a 
significant interaction of Delay and Intensity (F (1, 156) = 6.134, p < 0.05), a significant 
interaction of Polarity and Intensity (F (2, 156) = 3.162, p < 0.05), a significant of main 
effect of Delay (F (1, 156) = 60.086, p < 0.0001), and a significant of main effect of 
Intensity (F (1, 156) = 6.717, p < 0.01). 
   Figure 11B showed the mean and SEM of the change of ODs from the sham session 
when the target region was Broca’s area. A three-way ANOVA with Delay, Polarity 
and Intensity as factors revealed a significant interaction of Delay and Polarity (F (1, 
38) = 5.767, p < 0.05), a significant interaction of Polarity and Intensity (F (1, 38) = 
8.153, p < 0.01), and a significant main effect of Polarity (F (1, 38) = 9.797, p < 0.01). 
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   Figure 11C showed mean and SEM of ODs when the target region was Wernicke’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors revealed a 
marginally significant interaction of Delay, Polarity and Intensity (F (2, 156) = 2.745, p 
= 0.07), a significant interaction of Polarity and Intensity (F (2, 156) = 3.0991, p < 
0.05), and a significant main effect of Delay (F (1, 156) = 63.293, p < 0.0001). Post-hoc 
Tukey-Kramer multiple comparison tests showed no significant differences (p = 0.16). 
   Figure 11D showed the mean and SEM of the change of ODs from the sham session 
when the target region was Wernicke’s area. A three-way ANOVA with Delay, Polarity 
and Intensity as factors revealed a marginally significant interaction of Delay, Polarity 
and Intensity (F (1, 38) = 3.723, p = 0.06), a significant interaction of Delay and 
Polarity (F (1, 38) = 8.101, p < 0.01), a significant interaction of Delay and Intensity (F 
(1, 38) = 10.24, p < 0.01), a significant interaction of Polarity and Intensity (F (1, 38) = 
5.305, p < 0.05), a significant main effect of Delay (F (1, 38) = 5.36, p < 0.05), a 
significant main effect of Polarity (F (1, 38) = 10.05, p < 0.01), and a significant main 
effect of Intensity (F (1, 38) = 11.4, p < 0.01). Post-hoc Tukey-Kramer multiple 
comparison tests revealed that, compared to the 1 mA Anode under DAF, only the 2 
mA Anode under DAF showed significant difference (p = 0.001). One sample t-test did 
not show significant from zero. 
3.2.4 SR 
   Figure 12A showed the mean and SEM of SR when the target region was Broca’s 
area. A three-way ANOVA with Delay, Polarity and Intensity as factors only revealed a 
significant main effect of Delay (F (1, 156) = 189.595, p < 0.0001).  
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   Figure 12B showed the mean and SEM of the change of SR from the sham session 
when the target region was Broca’s area. A three-way ANOVA with Delay, Polarity 
and Intensity as factors only revealed a significant main effect of Intensity (F (1, 38) = 
5.847, p < 0.05). One sample t-test did not show any significant difference from zero.  
   Figure 12C showed the mean and SEM of SR when the target region was 
Wernicke’s area. A three-way ANOVA with Delay, Polarity and Intensity as factors 
only revealed a significant main effect of Delay (F (1, 156) = 185.892, p < 0.0001). 
   Figure 12D showed the mean and SEM of the change of SR from the sham session 
when the target region was Wernicke’s area. A three-way ANOVA with Delay, Polarity 
and Intensity as factors did not reveal any significant interaction of them and main 
effect. One sample t-test revealed that the 2 mA Cathode under NAF showed a 
marginally significant difference from zero (t (15) = 2.016, p = 0.06). 
3.2.5 DI 
   Figure 13A showed mean and SEM of DI when the target region was Broca’s area. 
A two-way ANOVA with Polarity and Intensity as factors only revealed a marginally 
significant main effect of Intensity (F (1, 78) = 3.077, p = 0.08). 
   Figure 13B showed mean and SEM of DI when the target region was Wernicke’s 
area. A two-way ANOVA with Polarity and Intensity as factors only revealed a 
marginally significant main effect of Intensity (F (1, 78) = 3.837, p = 0.053). 
Changes in speech dysfluency due to the stimulus intensity were observed, and it 
seemed that there was a difference in the effect of tDCS on speech control with stimulus 
intensity. Regarding DI in the sham sessions (Figure 13), speech fluency was not 
affected by tDCS, but DI seemed to be different between 1 mA and 2 mA. In other 
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words, it is considered that present analysis did not reflect the difference between 
stimulus intensity, but rather reflected the effect of participants. 
In the present study, the measurement was performed for two days (Day 1 and Day 
2). Therefore, we examined difference in speech fluency between Day 1 and Day 2 in 
the sham sessions to evaluate the consistency of the experiment. 
 
3.3 Day 1 vs. Day 2 
Figure 14A showed the mean and SEM of ADs under NAF in the sham sessions on 
Day 1 and Day 2. Two-tailed paired t-test did not reveal a significant difference 
between Day 1 and Day 2 (t (20) = 1.522, p = 0.14).  
   Figure 14B showed the mean and SEM of ADs under DAF in the sham sessions on 
Day 1 and Day 2. Two-tailed paired t-test revealed a significant difference between Day 
1 and Day 2 (t (20) = 2.116, p < 0.05). 
   Figure 14C showed the mean and SEM of ODs under NAF in the sham sessions on 
Day 1 and Day 2. Two-tailed paired t-test did not reveal a significant difference 
between Day 1 and Day 2 (t (20) = 1.522, p = 0.14).  
   Figure 14D showed the mean and SEM of ODs under DAF in the sham sessions on 
Day 1 and Day 2. Two-tailed paired t-test revealed a marginally significant difference 
between Day 1 and Day 2 (t (20) = 1.772, p = 0.09). 
   Figure 14E showed the mean and SEM of SR under NAF in the sham sessions on 
Day 1 and Day 2. Two-tailed paired t-test revealed a significant difference between Day 
1 and Day 2 (t (20) = 2.616, p < 0.05).  
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   Figure 14F showed the mean and SEM of SR under DAF in the sham sessions on 
Day 1 and Day 2. Two-tailed paired t-test did reveal a significant difference between 
Day 1 and Day 2 (t (20) = 3.082, p < 0.01). 
ADs and ODs under DAF in the sham sessions decreased in Day 2 than Day 1. SR 
under both DAF and NAF increased in Day 2 than Day 1. In addition to the schedule, 
we examined the effect of the order of trials on the reading aloud task. 
 
3.4 Practice effect on DAF experiment 
3.4.1 ADs 
Figure 15A showed the mean and SEM of ADs in each session. A three-way 
ANOVA with Day, Session and Delay as factors revealed a significant main effect of 
Day (F (1, 239) = 4.74, p < 0.05) as well as main effect of Delay (F (1, 239) = 84.208, p 
< 0.0001). 
3.4.2 SLDs 
Figure 15B showed the mean and SEM of SLDs in each session. A three-way 
ANOVA with Day, Session and Delay as factors revealed a significant interaction of 
Day and Delay (F (1, 239) = 4.748, p < 0.05), a significant main effect of Day (F (1, 
239) = 6.617, p < 0.05), and a significant main effect of Delay (F (1, 239) = 18.627, p < 
0.0001). 
3.4.3 ODs 
   Figure 15C showed the mean and SEM of ODs in each session. A three-way 
ANOVA with Day, Session and Delay as factors revealed a marginally significant main 
effect of Day (F (1, 239) = 3.317, p = 0.07), and a significant main effect of Delay (F 
(1, 239) = 84.743, p < 0.0001). 
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3.4.4 SR 
   Figure 15D showed the mean and SEM of SR in each session. A three-way 
ANOVA with Day, Session and Delay as factors only revealed a significant main effect 
of Delay (F (1, 239) = 285.823, p < 0.0001). 
 
3.5 Effect of personal characteristics 
Apart from the effect of tDCS on speech control, individual characteristics on 
speech fluency were examined. Using the traits of developmental disorder (AQ and 
CAARS) as an index, we evaluated the individual differences in speech motor control 
under DAF in the sham sessions. 
3.5.1 AQ 
Table 1 showed the correlation coefficients between AQ score and DAF effect in the 
sham sessions. There was no significant correlation. 
3.5.2 CAARS 
Table 1 showed the correlation coefficients between CAARS score and DAF effect 
in the sham sessions. There was no significant correlation. 
 
3.6 Correlation between speech indices related to DAF 
   To clarify the factor of DAF effect, we examined effect of speech strategies under 
DAF. First, speech rates under DAF and NAF were analyzed using correlation analysis.  
Second, the relationship between ODs under DAF and DI was analyzed. In addition, 




Figure 16A showed a scatter plot between SR under DAF in the sham sessions and 
under NAF in the sham sessions. Correlation analysis revealed that the correlation 
coefficients between DAF and NAF showed a significant difference (r = 0.68, p < 
0.001). Figure 16B showed a scatter plot between SR under NAF in the sham sessions 
and DI in the sham sessions. Correlation analysis did not reveal a significant correlation 
between NAF and DI (r = -0.30, p = 0.19). In the other hand, Figure 16C showed a 
scatter plot between SR under DAF in the sham sessions and DI in the sham sessions. 
Correlation analysis revealed a significant correlation between DAF and DI (r = -0.91, p 
< 0.0001).  
3.6.2 ODs 
Figure 17A showed a scatter plot between ODs under DAF in the sham sessions and 
DI in the sham sessions. Correlation analysis revealed that the correlation coefficients 
between ODs and DI showed a marginally significant difference (r = 0.26, p = 0.10).  
Figure 17B showed a scatter plot between Pause-type dysfluency under DAF in the 
sham sessions and DI in the sham sessions. Correlation analysis revealed that the 
correlation coefficients between ODs and DI showed a significant difference (r = 0.44, 
p < 0.01). Figure 17C showed a scatter plot between Repetition-type dysfluency under 
DAF in the sham sessions and DI in the sham sessions. Correlation analysis revealed 
that the correlation coefficients between ODs and DI showed a significant difference (r 
= -0.31, p < 0.05). 
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3.7 Questionnaire for tDCS (1 mA vs. 2 mA) 
In order to confirm the safety risk of tDCS, the score of the questionnaire for after 
stimulation was divide into stimulation intensity and polarity, and analyzed.   
3.7.1 Headache 
Figure 18A showed mean and SEM of the level of headache when tDCS to Broca’s 
or Wernicke’s area, or sham stimulation were applied. A two-way ANOVA with 
Intensity and Area as factors revealed no significant effect of either factor, main effect 
of Intensity (F (1, 120) = 0.003, p = 0.96), main effect of Area (F (1, 120) = 1.053, p = 
0.35), or interaction of Intensity and Area (F (1, 120) = 1.053, p = 0.35).  
3.7.2 Scalp pain 
Figure 18B showed the mean and SEM of the level of scalp pain when tDCS to 
Broca’s or Wernicke’s area, or sham stimulation were applied. A two-way ANOVA 
with Intensity and Area as factors revealed a significant main effect of Area (F (2, 120) 
= 3.92, p < 0.05). Post-hoc Tukey-Kramer multiple comparison tests revealed that, 
compared to the sham sessions, only the Wernicke’s area showed significant difference 
(p < 0.01). This showed that applying tDCS to the Wernicke’s area induced more scalp 
pain than the sham sessions. 
3.7.3 Chill 
Figure 18C showed the mean and SEM of the level of chilling when tDCS to 
Broca’s or Wernicke’s area, or sham stimulation were applied. A two-way ANOVA 
with Intensity and Area as factors only revealed a significant main effect of Intensity (F 
(1, 120) = 4.66, p < 0.05). Post-hoc Tukey-Kramer multiple comparison tests revealed 
that, compared to 1 mA, 2 mA showed significant difference (p < 0.05). This showed 
that applying 1 mA tDCS induced more chill than 2 mA.  
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3.7.4 Itch 
Figure 18D showed the mean and SEM of the level of itch when tDCS to Broca’s or 
Wernicke’s area, or sham stimulation were applied. A two-way ANOVA with Intensity 
and Area as factors revealed no significant effect of either factor, main effect of 
Intensity (F (1, 120) = 0.841, p = 0.36), main effect of Area (F (2, 120) = 0.806, p = 
0.45), or interaction of Intensity and Area (F (2, 120) = 0.778, p = 0.46).  
3.7.5 Burning sensation 
Figure 19A showed the mean and SEM of the level of burning when tDCS to 
Broca’s or Wernicke’s area, or sham stimulation were applied. A two-way ANOVA 
with Intensity and Area as factors revealed no significant effect of either factor, main 
effect of Intensity (F (1, 120) = 1.482, p = 0.23), main effect of Area (F (2, 120) = 
0.381, p = 0.68), or interaction of Intensity and Area (F (2, 120) = 0.751, p = 0.47).  
3.7.6 Sleepiness 
Figure 19B showed the mean and SEM of the level of sleepiness when tDCS to 
Broca’s or Wernicke’s area, or sham stimulation were applied. A two-way ANOVA 
with Intensity and Area as factors revealed a significant interaction of Intensity and Area 
(F (2, 120) = 3.784, p < 0.05), a significant main effect of Intensity (F (1, 120) = 6.943, 
p < 0.01), and a significant main effect of Area (F (2, 120) = 3.464, p < 0.05). Post-hoc 
Tukey-Kramer multiple comparison tests only revealed that, compared to 1 mA, 2 mA 
showed significant difference (p < 0.05). This showed that applying 1 mA tDCS 
induced more chill than 2 mA. 
3.7.7 Decreased concentration 
Figure 19C showed the mean and SEM of the level of decreased concentration 
when tDCS to Broca’s or Wernicke’s area, or sham stimulation were applied. A two-
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way ANOVA with Intensity and Area as factors revealed no significant effect of either 
factor, main effect of Intensity (F (1, 120) = 0.224, p = 0.63), main effect of Area (F (2, 
120) = 1.053, p = 0.35), or interaction of Intensity and Area (F (2, 120) = 1.053, p = 
0.35). 
3.7.8 Anxiety 
Figure 19D showed the mean and SEM of the level of anxiety when tDCS to Broca’s 
and Wernicke’s area, or sham stimulation were applied. A two-way ANOVA with 
Intensity and Area as factors revealed a significant main effect of Intensity (F (1, 120) = 
17.47, p < 0.0001). Post-hoc Tukey-Kramer multiple comparison tests revealed that, 
compared to 1 mA, 2 mA showed significant difference (p < 0.05). This showed that 
applying 1 mA tDCS induced more anxiety than 2 mA. 
 
4. Discussions 
4.1 Summary of the present study 
To summarize the observations, increased activity in Broca’s area by anodal tDCS 
increased speech errors (ADs and ODs), which suggested that overactivity in the 
Broca’s area may interrupt speech control. On the other hand, suppression of activity in 
the Wernicke’s area by cathodal tDCS reduced speech errors (SLDs), which suggested 
that the activity in the Wernicke’s area may play important roles in fluent speech 
production under DAF. In the analysis for all participants (N = 21), ADs and ODs were 
increased by anodal stimulation to the Broca’s area. In contrast, SLDs was reduced by 
cathodal stimulation to the Wernicke’s area. For stimulation intensity (2 mA: N = 16), 
changes in speech dysfluency due to the stimulus intensity were observed. However, 
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regarding to DI in the sham sessions, speech fluency was not affected by tDCS, but DI 
was different between 1 mA and 2 mA. Because sham stimulation is not expected to 
have any effect on the membrane potential in stimulation sites, it was considered that 
the present analysis did not reflect the real difference between stimulus intensity, but 
rather reflected some factors related to the differences of participants. For practice 
effect, speech fluency under DAF on Day 2 improved compared to Day 1. For 
questionnaires (AQ and CAARS), there was non-significant correlation between the 
performance of questionnaire (AQ and Social skill; ADHD index, inattention/working 
memory, hyperactivity, impulsivity and self-concept) and the reading aloud task in the 
sham sessions (ADs and DI). 
 
4.2 The effect of tDCS on speech motor control under DAF 
Analysis of speech error has shown that anodal tDCS to the Broca’s area increased 
speech errors (ADs and ODs) and cathodal tDCS to the Wernicke’s area decreased 
SLDs. Anodal stimulation is thought to up-regulate membrane potentials of neurons in 
stimulation sites whereas cathodal stimulation down-regulates them (Nitche & Paulus, 
2000; Schlaug, 2008). Our observations suggest that the activity reflecting DAF effect 
may be related to the classic language areas. Hashimoto & Sakai (2003) showed that the 
STG activation was correlated with the DAF effect. In other words, participants with 
speech dysfluency under DAF had greater activity in STG. Our results showed that 
SLDs was decreased by applying cathodal tDCS to the Wernicke’s area to change the 
membrane potential of the neuron at the stimulation site in the inhibiting direction, 
which was consistent with Hashimoto & Sakai (2003). Hashimoto & Sakai (2003) 
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suggested that temporo-parietal regions function as a self-monitoring system to support 
a fluent speech production. Deroche et al. (2017) showed that left IPL plays important 
part in motor learning or adapting to the changes of auditory feedback. Our result 
suggested that the Wernicke’s area plays an important role in fluent speech production 
under DAF.  
On the other hand, Nota et al. (2013) found that cortical activity in the left inferior 
frontal gyrus, left precentral gyrus, supplementary motor area, right intraparietal sulcus, 
and the anterior insula were negativity correlated with the degree of DAF effect. In 
other words, participants with better speech fluency under DAF had greater activity in 
the frontal speech-related regions. Our results showed that speech errors were increased 
by applying anodal tDCS to the Broca’s area, which was inconsistent with Nota et al. 
(2013). Nota et al. (2013) suggested that the participants who were more speech fluency 
under DAF improve motor planning or control, and thus it is less affected by the DAF 
effect. The size of the tDCS electrodes used in the present study was 35 cm², and no 
local stimulation to the region of interest was performed. In the present study, it is 
possible that not only the membrane potentials in the frontal speech-related regions 
activated under DAF, but also the membrane potentials in the frontal region where 
activity decreases were up-regulated by applying anodal tDCS to the Broca’s area, 
resulting in increasing speech errors under DAF. Nitsche & Paulus (2000) showed  
selective effect on motor cerebral excitability by applying anodal or cathodal tDCS. 
They reported that anodal tDCS to motor cortex enhanced excitability whereas, cathodal 
tDCS diminished as measured by MEP. However, cognitive tasks have more complex 
psychological processes than perceptual and motor tasks, it is possible that tDCS does 
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not simply modulate cerebral activity related cognitive tasks in in polarity dependent 
manner.  
The result of this study was in line with previous literature on tDCS. According to 
the meta-analysis of tDCS (Jacobson et al., 2012), 15 studies on motor function showed 
that the performance changed depending on stimulus polarity. Anodal stimulation 
improved performance, while cathodal stimulation impaired performance. 19 studies on 
cognitive function showed that while anodal tDCS facilitated the cognitive 
performance, cathodal tDCS had no significant effect. Because cognitive functions such 
as speech and language are supported by extensive and complex network, the effect of 
tDCS polarity might differ from motor function (Catani et al., 2005). Monti et al. (2012) 
reported that language studies are particularly less influenced by cathodal tDCS. In the 
present study, ADs and ODs increased in anodal tDCS to Broca’s area, which was 
consistent with the pattern of tDCS affecting cognitive function in the previous meta-
analysis (Jacobson et al., 2012; Monti et al., 2012). This suggests that anodal tDCS 
elevated the level of activity in the Broca’s area, which might become overactive in the 
area and have motor commands impaired, resulting in increasing speech errors. 
Wernicke’s area is not involved in motor function, but in speech cognition/perception 
and sensory integration. However, we observed a significant difference between anodal 
and cathodal in SLDs. Shum et al. (2011) showed that rTMS (repetitve TMS) to left IPL 
(inferior parietal lobe) inhibited motor learning, but the effect of tDCS is less spatially 
localized compared to the focal effects of rTMS (Buch et al., 2016).  
In the present study, we showed that 1 mA tDCS was more effective than 2 mA on 
speech dysfluency. However, Cuypers et al. (2013) showed 1.5 mA anodal tDCS 
39 
improved the performance of motor learning as compared to sham tDCS, and no 
significant difference were reported between 1 mA anodal and sham tDCS. In addition, 
DI indicated that the observed main effect of stimulation intensity merely reflected 
individual differences. 
Although tDCS to the language areas affect speech motor control, there is still little 
literature on tDCS on speech motor control. Further data about tDCS on cognitive, 
motor and language function need to be accumulated.  
 
4.3 Practice effect 
For practice effect, speech fluency under DAF on Day 2 improved compared to Day 
1. Webster, & Dorman (1971) showed that the group who practiced the reading task six 
times in advance had a smaller DAF effect than the group who did not practice. Fukawa 
(1981) insisted that speech control was less likely to be affected by auditory feedback, 
as speech motor control was internalized by practice. Because the present study did not 
allow participants to practice the task sentence in advance, we expected that there would 
be no practice effect. However, the comparison of Day 1 and Day 2 revealed that 
participants significantly adapted DAF through the repetition of the reading aloud task 
under DAF. This observation suggested that not only the task sentence but also DAF 
could be internalized by repeated session. Because individuals with ASD had greater 
DAF effect compared to typical developments (Lin et al., 2015), it could be interpreted 
as a result of impaired modification of speech motor control under DAF. The 
accumulation of DAF and brain research would help elucidate mechanisms in the brain 
of the patients with impaired social interactions.  
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4.4 Individual difference in susceptibility to DAF 
For questionnaires (AQ and CAARS), there was non-significant correlation between 
the performance of questionnaire (AQ and Social skill; ADHD index, 
inattention/working memory, hyperactivity, impulsivity and self-concept) and the 
reading aloud task in the sham sessions (ADs and DI). Ujiie et al. (2015) conducted 
experiment using multisensory integration task and analyzed association between task 
performance and autism trait assessed by AQ. The results suggested that the individuals 
with high AQ scores show a less auditory processing than individuals with low AQ 
scores do.  
  
4.5 Limitation of the study 
4.5.1 Participants 
The participants used in the analysis were 15 males and 6 females, and sex ratio was 
biased. While the number of participants of 2 mA were 16, that of 1 mA were 5, which 
was insufficient for analysis of the intensity. However, regarding the potential 
confounds related to after-effect induced by tDCS, a previous study on tDCS 
investigating MEP (motor evoked potential) after-effects showed after-effect induced by 
5-minutes tDCS returned to baseline after 5-minutes break (Nitsche & Paulus, 2000). 
Because the duration of the tDCS was 210 s in the present study, we expected that the 
after-effect were eliminated within the interval of 5 min. Because the magnitudes of 
DAF effect greatly vary among individuals, it is unlikely that the averaged results 
reflect the actual DAF effect. Although there are many tDCS researches on speech 
production and perception, there are few researches on the interaction between and 
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perception. In the present study, the brain stimulation to the language area changed the 
speech dysfluency under DAF, suggesting the effectiveness of the tDCS research on 
speech control. 
4.5.2 Stimulation sites 
   In this study, since the target electrodes were placed on CP5 and F5, it is reasonable 
to attribute the changes in speech dysfluency to tDCS to the Broca’s and Wernicke’s 
area (Koessler et al., 2009; Zoefel, & Davis, 2017). In order to minimize the duration of 
the experiment, a simple method for identification of stimulation sites was used, in 
which the EEG cap was placed on the participant’s head so that the center was at Cz and 
marked the CP5, F5 and Fp2 to identify the stimulation sites. Because the extended 10-
20 method is a simple method for identification to stimulation areas, this method is less 
spatially localized compared to optical navigation systems for tDCS. The use of optical 
navigation systems and smaller electrodes would allow for a more accurate specification 
of the target regions for stimulation. 
   Traditional tDCS techniques are spatially crude. Typically, large sponge electrodes 
(35 cm²) are used to stimulate the human cortex and thus it is difficult to target smaller 
cortical targets. Sponge electrode position and size can modulate fractional current flow 
through specific brain regions (Nitsche et al., 2007), but overall current distribution is 
widespread (Datta et al., 2009). A new tDCS design, called high-definition tDCS (HD-
tDCS) allows for focal delivery of the change to discrete regions of the cortex. These 
comprise of five small electrodes, such as a single anodal stimulation (target electrode) 
surrounding by four cathodal stimulations (return electrodes), or vice versa. However, 
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Side effects, such as skin irritation may be increased by increasing the distance between 
the target and return electrodes when using HD-tDCS (Datta et al., 2009).  
4.5.3 Speech assessment 
When assessing speech fluency, it is necessary to consider the reliability of the test 
(Ryan et al., 1974). Reliability means whether a test always gives the same judgement 
result under the same conditions, which means consistency. Consistency relates to 
whether the same result is obtained between observers when different observer 
determine the same subject. In this study, speech was assessed by only one person 
(experimenter), and consistency of speech fluency could not be confirmed. In the future, 
it is necessary to have the speech data assessed by the second rater and confirm the 
consistency. 
4.5.4 Analysis 
ANOVA is a parametric statistical analysis used in psychological research. The 
main factors in ANOVA are the fixed effect, which are categorical variables including 
all the levels considered. The error is factors other than fixed effects, and the factors 
cannot be examined by classical ANOVA. On the other hand, the general liner mixed 
model (GLMM) can actually estimate a plurality of random effects, and also set 
gradient effect of the random (Lo & Andrews, 2015). The advantage of using GLMM is 
that dataset containing missing values can be analyzed, and differences in materials can 
be expressed by random effects. In this study, we performed an ANOVA with delay, 
stimulus polarity, and stimulus intensity as main effects, but could not eliminate errors 
due to participants, order of sessions, and schedule. In the future, it is necessary to 
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analyze the speech dysfluency with a GLMM and examine the factors that increase the 
speech errors under DAF by applying tDCS to language-related regions. 
Conclusions 
In the present study, we confirmed that there is a causal relationship between brain 
regions and functions related speech motor control, because tDCS to the language-
related regions modified speech fluency. Anodal tDCS to Broca’s area increased speech 
errors while cathodal tDCS to the Wernicke’s area decreased speech errors. However, 
reading aloud task under DAF might be significantly affected by the practice effect, 
suggesting that the paradigm that could be completed within one day may be preferred. 
In addition, using a paradigm in which the delay speed changes dynamically within one 
session might eliminate the effect of practice. It is necessary to accumulate future data 








Figure 1: The system of delayed auditory feedback (DAF). 
A: PC for recording speech, B: Audio signal splitter that splits information from the 
microphone (E) and transmits it to the PC(A) and the effector (C). C: Effector that 










Figure 2: Transcranial direct current stimulation (tDCS) montages for anodal and 
cathodal session (CP5 = Broca’s area, CP5 = Wernicke’s area). 
The position of stimulation sites was determined based on extended 10-20 method for 
the electroencephalography (EEG) system. Red and blue electrode are anodal and 
cathodal electrodes respectively. The second electrode was placed on the right 
supraorbital region contralateral to the Broca’s and Wernicke’s area. 
A: Anodal tDCS to the Broca’s area. B: Cathodal tDCS to the Broca’s area.  













Figure 3: Comparison of All dysfluency (ADs) of Anodal, Cathodal and sham 
stimulation in each region (A and C), and comparison of the change of ADs from 
the sham sessions of the stimulus polarity in each session (B and D)  
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.0001) 
and Wernicke’s area (C; p < 0.0001), and the significant different from zero was 
observed when anodal tDCS to Broca’s area under DAF (B; p = 0.09). 
Error bars represent standard error of the mean (SEM). N = 21.  
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Figure 4: Comparison of “Stuttering-like dysfluency (SLDs)” of Anodal, Cathodal 
and sham stimulation in each region (A and C), and comparison of the change of 
SLDs from the sham sessions of the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.05) 
and Wernicke’s area (C; p < 0.0001). Marginally significant difference between Anodal 
and Cathodal stimulation was observed in Broca’s area (B; p = 0.09). Compared to the 
Anode under DAF in Wernicke’s area, only the Cathode under DAF showed significant 
difference (D; p < 0.01).  
Error bars represent SEM.  
N = 21.  
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Figure 5: Comparison of “Other dysfluency (ODs)” of Anodal, Cathodal and sham 
stimulation in each region (A and C), and comparison of the change of ODs from 
the sham sessions of the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in the Broca’s (A; p < 
0.0001) and Wernicke’s area (C; p < 0.0001). Significant interactions of Delay and 
Polarity was observed in Broca’s area (B; p < 0.05), but post-hoc Tukey Kramer 
multiple tests showed no significant different between Anodal and Cathodal stimulation 
under DAF (p = 0.06), and the significant different from zero was observed when 
anodal tDCS to Broca’s area under DAF (p < 0.05). Marginally significant interactions 
of Delay and Polarity was observed in Wernicke’s area (D), but post-hoc Tukey Kramer 
multiple tests showed no significant different between Anodal and Cathodal stimulation 
under DAF (p = 0.06).  
Error bars represent SEM.  
N = 21. 
49 
 
Figure 6: Comparison of the percentage of ODs in ADs under DAF in each region. 







Figure 7: Comparison of Speech rate (SR) of Anodal, Cathodal and sham 
stimulation in each region (A and C), and comparison of the change of SR from the 
sham sessions of the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.0001) 





Figure 8: Comparison of “DAF Index (DI)” of Anodal, Cathodal and sham 
stimulation in each region 
No significant difference was found, but a significant effect of Subject (A; F (20, 40) = 
31.65, p < 0.0001 and B; F (20, 40) = 12.44, p < 0.0001). 
Error bar represent SEM. 





Figure 9: Comparison of ADs of Anodal, Cathodal and sham stimulation in each 
region (A and C), and comparison of the change of ADs from the sham sessions of 
the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.0001) 
and Wernicke’s area (C; p < 0.0001), and significant difference between Anodal and 
Cathodal stimulation was observed in Broca’s area (B; p < 0.001). Compared to the 1 
mA Anode under DAF in Broca’s area, only the 2 mA Anode under DAF showed 
significant difference (D; p < 0.001). 
Error bars represent SEM.  
2 mA (N = 16), 1 mA (N = 5). 
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Figure 10: Comparison of SLDs of Anodal, Cathodal and sham stimulation in each 
region (A and C), and comparison of the change of SLDs from the sham sessions of 
the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.05) 
and Wernicke’s area (C; p < 0.0001), and significant difference between Anodal and 
Cathodal stimulation was observed in Wernicke’s area (D; p < 0.05). 
Error bars represent SEM.  





Figure 11: Comparison of ODs of Anodal, Cathodal and sham stimulation in each 
region (A and C), and comparison of the change of ODs from the sham sessions of 
the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.0001) 
and Wernicke’s area (C; p < 0.0001), and significant difference between Anodal and 
Cathodal stimulation was observed in Broca’s area (B; p < 0.001). Compared to the 1 
mA Anode under DAF in Broca’s area, only the 2 mA Anode under DAF showed 
significant difference (D; p < 0.01). 
Error bars represent SEM.  






Figure 12: Comparison of SR of Anodal, Cathodal and sham stimulation in each 
region (A and C), and comparison of the change of SR from the sham sessions of 
the stimulus polarity in each session (B and D) 
Significant difference between NAF and DAF was observed in Broca’s (A; p < 0.0001) 
and Wernicke’s area (C; p < 0.0001). Significant difference between 2 mA and 1 mA 
was observed in Broca’s area (B; p < 0.05). 
Error bars represent SEM.  







Figure 13: Comparison of DI of Anodal, Cathodal and sham stimulation in each 
region 
Marginally significant difference between 2 mA and 1 mA was observed in both areas 
(p < 0.1). 
Error bar represent SEM. 





Figure 14: Comparison of DAF effect of Day 1 and Day 2. 
Significant difference between Day 1 and Day 2 was observed in ADs under DAF (B), SR under 
NAF (E) and SR under DAF (F) (p < 0.05). 
Error bar represent SEM. 





Figure 15: Comparison of DAF effect between sessions. 
Significant difference between Day 1 and Day 2 was observed in “ADs (A)”, “SLDs 
(B)” and “Other fluency (C)” (p < 0.05). Significant difference between DAF and NAF 
was observed in all DAF effect (A, B, C and D) (p < 0.0001). Significant interaction of 
Delay and Day was observed in “SLDs (B)” (p < 0.05). 
Error bar represent SEM. 
N = 21. 
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Figure 16. Correlation between SR and DI 
N = 21 
 
Figure 17. Correlation between ODs and DI 
nSLDs = sum of no stuttering-like WR and PWR in ODs. 
Pa/Br = sum of Pause and Break in ODs. 




Figure 18: Comparison of the safety risk of Anodal, Cathodal and sham 
stimulation in each region 
Significant difference between the areas was observed in scalp pain (B; p < 0.05).  
Significant difference between 2 mA and 1 mA was observed in chilling (C; p < 0.05) 
Error bar represent SEM. 




Figure 19: Comparison of the safety risk of Anodal, Cathodal and sham 
stimulation in each region 
Significant difference between 2 mA and 1 mA was observed in anxiety (D; p < 0.001), 
Significant interaction of Intensity and Area was observed in sleepiness (B; p < 0.01), 
but post-hoc Tukey Kramer multiple tests only revealed a significant different between 
2 mA and 1 mA (p < 0.05). 
Error bar represent SEM. 






Table 1. The Pearson’s correlation coefficients between DAF effects and the scores 
of AQ and CAARS. 


















-0.02 0.11 -0.22 0.08 -0.09 0.02 -0.25 
Other 
dysfluency 
-0.16 -0.07 -0.2 0.14 0.09 0.15 -0.28 
DAF Index -0.14 -0.01 -0.3 0.05 -0.21 -0.18 -0.23 
There was no significant correlation. 
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   研究参加者の脳活動に影響があると思われる個人特性について, 質問紙で答えてく
ださい。個人特性には, 利き手, 吃音の有無, 精神疾患や脳疾患の病歴, 服用して
いる薬情報などが含まれます。 
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